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Abstract
In this paper, we show that over the period 1970-2007, the world income distribution ex-
pressed in terms of GDP per capita invariably scales down as an exponential law. To visualize
dynamical characteristics behind this macro-stability, we use a clock form to present the GDP per
capita and rank of the 163 countries over 38 years. Correspondingly, the average variations over
time are quantiﬁed by absolute and relative mobility indexes. Furthermore, a growth mobility
index concerning the share of each country is proposed and its decomposition is also presented
in the clock form.
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1. Introduction
The world income distribution of GDP per capita has been the subject of much empirical
and theoretical work over the last two decades [1, 2, 3, 4, 5, 6, 7, 8]. Indeed, two empirical
results concerning the income distribution have surfaced in the recent literature: First, while con-
vergence in terms of GDP per capita has been achieved among a restricted set of industrialized
countries, i.e. the so-called convergence club [2], divergence has been the rule for the GDP distri-
bution taken as a whole [8]. Second, the density function of the cross-country GDPs distribution
has moved from a unimodal shape in the 1960s to a ‘twin-peaks’ shape in the 1990s [5, 6, 7].
In 2003, Guilmi, Gaﬀeo, and Gallegati presented a third stylized fact regarding the world
GDPs distribution from a new perspective [9]. It was the ﬁrst attempt to examine the relation
between GDP per capita and its rank order. They found that the world income distribution be-
tween the 30th and the 85th percentiles approximately follows a Pareto distribution, and that this
result is extremely robust as moving from 1960 to 1997. Later Roki Iwahashi and Tomohiro
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Machikita looked into this issue, but obtained diﬀerent result [10]. He pointed out that the real
cross-country GDP per capita is signiﬁcantly approximated to a geometric sequence, further-
more, the Log GDP against its rank, instead of Log rank, displays a more signiﬁcant relation: It
clearly ﬁts a line even for the richest and poorest country groups.
The studies mentioned above mainly discuss the steady world income distribution in the
macro level, however, some micro characteristic of intra-distribution, such as the GDP per capita
or rank, changes severely with time behind the macro-stability [5, 11, 12]. This fact is meaningful
for further understanding the formation of the distribution but has seldom been noticed until
Quah’s work in 1993 [5]. In this pioneering work, Quah analyzed the dynamics in the rich
cross-section of countries income by a so called fractile Markov chain, and he suggested that
cross-country incomes tended towards extremes at both high and low endpoints. Following the
approach proposed by Quah, Richard Paap and Herman K. van Dijkb examined the individual
switches of countries between the rich and poor groups [11], and argued that the main mobility is
from rich to poor and the ‘middle’ group between poor and rich disappears. In addition, Francois
Bourguignon and Christian Morrisson extended this work by concluding that the mobility of
individuals in the world distribution of income is strongly history dependent [12].
Those studies on the dynamics of world income all focus on the variance of speciﬁc quantiles
of the world distribution. However, the micro change of every country, which is more elementary
for understanding the income-generating regimes, hasn’t been discussed. Besides, considering
the measurement for mobility, there has been a lot of related work in the ﬁeld of personal income
[14, 15, 16, 17, 18, 19, 20]. Researchers construct distinct indexes to measure mobility according
to diﬀerent concepts, which could also be used in measuring the world income mobility.
We have two improvements in this paper. First, although statistically stylized facts are found
by previous work, it is still controversial as to whether there is a steady law does the world
income distribution exactly obey. As a result, we check the macro-stability of world income
by approaching the data of GDP per capita to an exponential law using the data from the year
1970 to 2007. Second, we further investigate the micro change of world income by visualizing
them in a clock form advanced by Michael Batty [13], and calculating the total variance by a
mobility index proposed by Fields & Ok [14]. In addition, we put forward a new index for
measuring the mobility of world income and decompose it to make clear the modes or reasons
of the income mobility. We believe that the results shown in this paper is important and useful to
further understand the development and evolution of world income distribution.
The remainder is organized as follows: Statistical evidence examined by cross-country panel
data 1970-2007 is presented in Section 2; The micro change of world income is exhibited in Sec-
tion 3; Section 4 gives the calculation and decomposition of mobility; In section 5 we conclude.
2. Data and distributions
We study the world income distribution in terms of GDP per capita, using the dataset Penn
World Table version 6.3 of Summers, Heston and Aten. This Table contains a set of economic
time series, based on national accounts covering 189 countries for the period 1950-2007. How-
ever, for observations are not available for each country over the whole period, a restriction of
the time horizon has been imposed in order to minimize the trade-oﬀ between the cross-section
dimension and the time dimension of the panel. In our case, the sample we analyze consists of
163 countries over the period 1970-2007.
The world distributions of GDP per capita for 163 countries over the period 1970-2007 in the
single-logarithmic coordinates are presented in Figure 1. As can be seen, almost all the curves
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Figure 1: Distributions of GDP per capita for 163 countries from 1970 to 2007
in diﬀerent years parallel with the dashed straight lines, which indicates that the GDP per capita
for the sample probably follows an exponential law:
Gr = ae
−br, (1)
where Gr is the income of the country ranked r in a list ordered by GDP per capita, a and b are
the parameters of the distribution.
To test our hypothesis, we use the exponential law to approach those distributions. We ﬁnd
that equation 1 ﬁts the data well, which indicates that the per capita GDP of 163 countries and
the rank obey the exponential law for all the 38 years. The estimates of the parameters for these
years are collected in Table .1.
To conﬁrm our conclusions, we use the Kolmogorov-Smirnov (KS) statistics to examine the
ﬁtness of our results. As shown in table .1, the KS statistics are all less than 0.03, which indicates
that it is insuﬃcient to reject the conclusion that the GDP per capita of these sample countries
follow the exponential law. In our ﬁtting and estimating, some abnormal data are deleted to
eliminate the inﬂuence of outliers, only countries whose per capita GDP is ranked 14 to 163 are
taken into consideration.
The fact that the world income distributions follow the exponential law indicates the macro-
stability of the world income in terms of GDP per capita. To further verify this conclusion, we
trace another macro feature, Gini coeﬃcient, that characterizing the income inequality. We calcu-
late the world Gini coeﬃcients for all years where each country is treated simply as an inhabitant
of the world, and illustrate them using a ‘clock form’ which was ﬁrst proposed by Michael Batty
[13]. In this form, the changes in size for each unit are plotted in temporal clockwise direction
with the highest value at the centre and the lowest on the circumference. The clock form has an
advantage on the displaying of the overall trend, thus, we plot the data of Gini coeﬃcient evenly
in this form. As shown in Figure 2, the blue curve, denoting the time series of Gini coeﬃcient
from 1970 to 2007, is smooth with the values around 0.55, i.e., the Gini coeﬃcient remains stable
over this period. As a result, we can conclude that the world income remains stable in its macro
level from a diﬀerent point of view.
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Figure 2: Clock form of world Gini coeﬃcient from 1970 to 2007
3. Micro-dynamic and Clock form
The above analysis shows us the stability of world income in the macro level by presenting
the robust world income distribution and Gini coeﬃcient over time. However, when we consider
the system from a micro point of view, a single country’s GDP per capita and corresponding
rank ﬂuctuates all the time. Take Equatorial Guinea for example, in 1970, its per capita GDP
was 1528.8351884 dollars ranked 126 in our sample countries, while it rose to 23068.73 and
took the 40th place in the rank order of GDP per capita in 2007. See China, its per capita
GDP was only 561.5193 dollars ranked 162 in 1970, while in 2007, China’s GDP per capita
amounted to 8510.593 dollars, with its rank order jumping to 74th. These drastic ﬂuctuations
representing the micro-dynamics of income at the nation level can’t be ﬁgured out directly from
the corresponding steady distributions.
Therefore, our second analysis involves visualizing these micro-dynamics or ﬂuctuations and
examining trajectories using the clock form we have mentioned in section 2. Along the idea of
Batty’s rank clock, we propose GDP per capita clock and corresponding rank clock to exhibit the
micro-dynamics of country wealth under the circumstance. In our case, a ‘clock’ is a graph where
characteristics such as GDP per capita or rank orders are plotted for each country in temporal
clockwise direction with the highest rank or lowest value of per capita GDP at the centre and
the contrary on the circumference. Each country is colored randomly, which provides distinct
visualization of the dynamics.
Figure 3 is the ‘GDP per capita clock’, the distance from the centre denotes a country’s GDP
per capita in the graph. Since we plot the data with the lowest value of per capita GDP at the
centre and the largest on the circumference, the closer a country is to the centre, the less income
does it have. To show the micro-dynamics more clearly, we plot 3 representative countries in bold
curves: The bold red curve stands for the United States; the green one represents Luxemburg;
and the blue one- China. We can ﬁnd from the graph: (i) Most of the curves including the 3
bold ones have a divergent tendency in temporal clockwise direction, which indicates that the
GDP per capita of these countries have increased over time, in line with our common sense that
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Figure 3: GDP per capita clock for 163 countries from 1970 to 2007
the economy is increasing in the overall trend from 1970 to 2007; (ii) The blue curve denoting
China lies closer to the centre than those for United States and Luxemburg, which means China
has almost the lowest income among the three selected countries. In fact, China has a rapid
development of economy during the 38 years, with its income amounting to 8510.593 in 2007,
15 times as it was in 1970. However, its GDP per capita is still much less than the other two
countries due to its large population; (iii) The countries with largest GDP per capita are mostly
concentrate in Northern Europe, such as Luxembourg, Norway, Ireland, Iceland, they all lie near
the circumference in the ‘GDP per capita clock’.
Similarly, we use the rank clock to present the countries’ dynamics of rank orders. As is
shown in Figure 4, we equally divide the radius into 200, where the centre denotes the country
whose GDP per capita is ranked the ﬁrst and the circumference stands for that of the 200th.
Each country is laid in the ‘clock’ according to its rank of GDP per capita. Since there are too
many curves within the clock, we use three colored bold lines to denote the selected countries
respectively in the same way as in Figure 3. With the highest rank at the centre and the lowest
on the circumference, we could clearly see that, in 1970, China’s GDP per capita fell far behind
the other countries, but its economy grew fast and had a big rise in the rank during the 38 years.
In fact, China’s rank was 162nd in 1970 and rose up to 74th in 2007 that is a prominent progress
indeed. While the red line for the United States remains stable near the centre, which indicates
that there isn’t any prominent change in the high rank for the United States. The GDP per
capita for Luxemburg remains top-ranked from 1970 to 2007, as a result, the green line denoting
Luxemburg turns into a dot in the centre of ‘rank clock’.
4. Mobility and its Decomposition
In the following section, we quantify the micro changes of a system over time. We assume
there are N countries in the economy labeled by an index set {1, 2, 3 . . .N}. At time k (k ∈ {0, 1}),
corresponding to the initial and ﬁnal points respectively), the income of country i is denoted by
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Figure 4: Rank clock for 163 countries from 1970 to 2007
xki and the income distribution is a vector x
k = (xk1, x
k
2, ...x
k
N)
′. Thus, the matrix x = (x0, x1)
becomes the main subject of our analysis. As we have mentioned above, there are various kinds
of index of mobility [14, 15, 16, 17, 18, 19, 20]. In this paper, we employ the index proposed by
Fields & Ok [14], which is formulated as the following,
M(x) =
1
N
N∑
i=1
∣∣∣x0i − x1i ∣∣∣, (2)
where N is the number of countries in the economy, x0i and x
1
i are the initial and ﬁnal GDP per
capita or corresponding rank of county i respectively, here the income mobility can be regarded
as either absolute or relative concept correspondingly.
Equation 2 simply measures the aggregate change of all countries’ income or rank. However,
we argue that countries with equal change in GDP per capita or rank may not make the same
contribution to the overall economy. In fact, if a country provides more essential products or
services per person, i.e. has larger value of GDP per capita, we assume it would play a more
important role and its ﬂuctuation of income would have greater inﬂuence on the overall economy.
Thus, countries with diﬀerent income should not be treated equally in our measurement for
mobility.
Inspired by Michael Batty’s work on the deﬁning of growth rate in population, we deﬁne a
growth mobility index taking the share of each country into consideration. First we deﬁne the
mobility for each country i at time t, λi(t), asGi(t)/Gi(t−1), from whichGi(t) = λi(t)Gi(t−1) and
then deﬁne income shares as gi(t) = Gi(t)/G(t), where Gi(t) is the GDP per capita for country i
at time t and G(t) =
∑
i
Gi(t). As a result, the mobility for countries λ(t) is:
λ(t) =
∑
i
gi(t)λi(t). (3)
Since this growth mobility index concerns the share of GDP per capita in each country, it
suggests that countries with larger GDP per capita have more inﬂuence on the overall mobility.
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Figure 5: Three kinds of normalized mobility in the clock form
Table .2 shows the results calculated by the three kinds of mobility index. To visualize and
compare them, we normalize the data as follows:
yi =
Yi −min{Y}
max{Y} −min{Y} , (4)
where Yi is the value of mobility before normalization and yi is the corresponding normalized
value. Therefore, we can present the income, rank and growth mobility in the same clock form
as shown in Figure 5. The red dotted curve is income mobility, the green dashed one denotes
rank mobility, and the growth mobility is the blue solid one. From this ﬁgure, we can see: (i) The
three curves especially the green one denoting rank mobility ﬂuctuates drastically during the 38
years, which conﬁrms that the countries’ positions change ﬁercely even as the economy is stable
at macro level; (ii) Since the growth mobility is smaller than the rank mobility before 1991,
while it is on the contrary from the year of 1991 to 2007, we can conclude that the ﬂuctuation in
countries with larger value of GDP per capita contributed more to the overall mobility in recent
years; (iii) There is no obvious relation between rank mobility and the other two, but the trends
of income mobility and growth one are similar on the whole. This may result from the loss of
too much information in the measurement of rank mobility compared with the other two.
The mobility index quantiﬁes the aggregate change in each country’s income, but it cannot
reveal what lies behind it. In order to investigate the modes or reasons of the world income
mobility, we decompose the mobility index and examine their trajectories using the rank clock.
In equation 3, the growth mobility λ(t) can be split into those associated with the growth and the
change in the share of income in countries as follows:
λ(t) =
∑
i
gi(t)λi(t) =
∑
i
gi(t)
Gi(t)
Gi(t − 1) =
{
G(t)
G(t − 1)
}⎧⎪⎪⎨⎪⎪⎩∑
i
gi(t)
gi(t)
gi(t − 1)
⎫⎪⎪⎬⎪⎪⎭ , (5)
where the ﬁrst and second terms on the second line of equation 5 denote the overall growth Γ(t)
and shift in income shares ϑ(t) respectively. Amore manipulable form is based on the logarithmic
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Figure 6: The decomposition of growth mobility
growth rate log λi(t) = log [Gi(t)/Gi(t − 1)], which can be deﬁned as:
I [λ(t)] =
∑
i
gi(t) logλi(t) =
∑
i
gi(t) log
Gi(t)
Gi(t − 1) = log
G(t)
G(t − 1) +
∑
i
gi(t) log
gi(t)
gi(t − 1) . (6)
The log of overall growth I [Γ(t)] and log of the shares I [ϑ(t)] are the ﬁrst and second terms
on the second line of equation 6. These growth and share variance reﬂect the balance between
overall change and the shift of share in rank or income, which in its simplest additive form is
expressed in the log of income growth rates in equation 6. And the growth and share variance over
all time periods for each data set are plotted in Figure 6, there we observe that the red dotted curve
denoting I [Γ(t)] and the blue solid one denoting I [λ(t)] have almost the same tendency during
1970-2007 and the green dashed curve for I [ϑ(t)] stays constantly around 0, which indicates that
the share variance makes very little contribution to the total change while the growth dominate,
especially in the periods from 1982 to 2007.
5. Conclusion
In this paper, we studied the statistical features of the 163 countries’ income in terms of GDP
per capita during 1970-2007. We found that the world income distribution could be approximated
by the exponential law. Besides, the world Gini coeﬃcient remains stable around 0.55. Both
results indicate that the distribution of world income is stable during the 38 years. However,
there are volatile and turbulent micro-dynamics behind such a macro-stability, we use the clock
form to illustrate these micro changes in GDP per capita and its corresponding rank respectively.
Furthermore, we quantify the aggregate change of each country’s income by the mobility
index proposed by Fields, and tried to deﬁne a new index concerning the share of each country
called growth mobility. This new index allows the counties with larger value of GDP per capita
to have more inﬂuence on the overall mobility, as is in our common sense. Finally, in order to
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further investigate the modes or reasons of the incomemobility, we decompose the mobility index
and examine their trajectories using the ‘clock’ and ﬁnd that the structural growth dominates in
the aggregate change of world income.
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Appendices
Table .1: Estimates of parameters and KS statistics for the distribution of GDP per capita
Year aˆ bˆ KS statistics
1970 18010.00 0.02409 0.001688116
1971 18560.00 0.02405 0.00173363
1972 19210.00 0.02397 0.002003847
1973 20500.00 0.02441 0.001878794
1974 20700.00 0.02398 0.001725274
1975 20240.00 0.02353 0.001753734
1976 20790.00 0.02347 0.001479239
1977 21350.00 0.02327 0.001311073
1978 21980.00 0.02307 0.001548677
1979 22950.00 0.02335 0.001324223
1980 23160.00 0.02364 0.001344489
1981 22810.00 0.02328 0.001220895
1982 22760.00 0.02329 0.001898559
1983 23140.00 0.02358 0.001868214
1984 24070.00 0.02398 0.001965262
1985 24520.00 0.02419 0.001980094
1986 24990.00 0.02412 0.002155322
1987 25590.00 0.024 0.002192749
1988 26650.00 0.02427 0.001971857
1989 27620.00 0.02474 0.002361514
1990 27840.00 0.02467 0.002597862
1991 28240.00 0.02493 0.001733375
1992 28290.00 0.0248 0.002131399
1993 28270.00 0.02468 0.001826113
1994 29170.00 0.0249 0.001990651
1995 29990.00 0.02491 0.002263247
1996 30700.00 0.02478 0.002016157
1997 31810.00 0.02492 0.001880203
1998 32750.00 0.02518 0.001776077
1999 33650.00 0.02542 0.002067701
2000 35070.00 0.02564 0.00204194
2001 35440.00 0.02558 0.001983554
2002 35650.00 0.02545 0.00207694
2003 36230.00 0.02533 0.002049629
2004 37600.00 0.0253 0.001524616
2005 38440.00 0.02506 0.001407956
2006 39490.00 0.0248 0.001522505
2007 40580.00 0.02458 0.00161586
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Table .2: Mobility of world income for over 1970-2007
Period Income Rank Growth
1970-1971 292.4436 1.680982 1.025635
1971-1972 347.6475 1.98773 1.037664
1972-1973 661.1519 2.368098 1.068303
1973-1974 819.1347 2.687117 1.08717
1974-1975 528.4259 2.368098 1.00378
1975-1976 674.5664 2.687117 1.043688
1976-1977 505.9843 2.159509 1.026143
1977-1978 483.7563 2.417178 1.017413
1978-1979 569.841 2.355828 1.04743
1979-1980 739.2888 2.564417 0.992737
1980-1981 639.5128 1.92638 0.969111
1981-1982 443.6518 2.294479 0.981863
1982-1983 447.5853 2.441718 0.9901
1983-1984 370.4652 2.01227 1.018248
1984-1985 382.7834 1.779141 1.004133
1985-1986 411.8697 1.95092 1.011981
1986-1987 395.958 2.110429 1.022765
1987-1988 419.6551 1.779141 1.027833
1988-1989 455.6314 2.417178 1.026815
1989-1990 470.0941 2.539877 1.012739
1990-1991 418.195 2.171779 1.013359
1991-1992 369.6073 2.01227 1.010753
1992-1993 404.739 1.791411 1.012314
1993-1994 352.7271 1.582822 1.021874
1994-1995 332.3054 1.533742 1.023742
1995-1996 338.1961 1.546012 1.025116
1996-1997 457.3403 1.533742 1.038635
1997-1998 525.4114 1.558282 1.020439
1998-1999 436.5346 1.680982 1.023505
1999-2000 465.0733 1.202454 1.033834
2000-2001 341.0529 1.484663 1.011149
2001-2002 336.3886 1.546012 1.01382
2002-2003 398.4428 1.435583 1.020858
2003-2004 609.9406 1.546012 1.050342
2004-2005 439.8095 1.153374 1.031859
2005-2006 551.1642 1.276074 1.039806
2006-2007 609.3426 1.472393 1.042813
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